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Abstract. Based on the progress registered recently in cryobiology and semen evaluation 
techniques, this paper focuses on the main cryopreservation issues and available advanced 
reproductive tools for sperm cells characterization. There are still some answers required for 
germplasm preservation in various species, finding alternatives and optimization of currently available 
imperfect semen cryopreservation and evaluation methods. The new scientific approach of semen 
cryopreservation and evaluation marks out the power and the potential of revealing unknown aspects 
of sperm cells. All these concur to offer a basic idea on choosing or improving cryopreservation 
protocols in various species and on the exploration of pathways and factors involved in. 
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INTRODUCTION 
 
The ability to cryopreserve sperm cells from all of farm genetic resources is still a 
challenge, requiring more studies. The issues of sperm cryopreservation have a well-defined 
place in modern biology of reproduction. Scientific investigations have resulted in new 
possibilities to preserve the viability and fecundity of male gametes at ultralow temperatures 
(Sabev et al., 2006). Cryopresevation methods enable gene bank storage of frozen semen for 
long time periods. Such technologies could be applied in our country through research 
institutes and other profile organizations (Şonea et al., 2010, Roşu et al., 2010). 
Cryopreservation technology strongly affected reproduction in livestock, causing decline in 
genetic diversity, but at the same time its use is beneficial when applied in conservation 
programs or gene banks (Hiemstra et al., 2005). Semen cryopreservation greatly facilitates the 
distribution of agriculturally desirable genes, rapidly increasing herd productivity. A reserve 
of cryopreserved semen would minimize the effects of a sudden outbreak of a contagious 
illness or a natural disaster. Also effective gene banking depends on the availability of 
functional, cryopreserved germplasm (Bailey et al., 2008). Except biodiversity preservation, 
frozen semen is essential in breeding and selection schedules contributing to increase 
production of domestic species (Barbas and Mascarenhas 2009) and the number of animals 
through artificial reproductive technologies. 
Since the first recorded offspring produced by artificial insemination using frozen–
thawed semen in cow (Stewart, 1951), sheep (Salmon and Lightfoot, 1967), pig (Hess et al., 
1957), horses (Barker and Gandier, 1957), important progress was made in cryopreservation 
techniques. Cryopreservation technology is not sufficient to yield reliable fertility following 
AI in commercial swine production systems (Bailey et al., 2008). Excepting bovine species, 
there is a low fertility of frozen semen in other species, cryopreservation studies being 
directed to identify solutions or alternatives to improve sperm cell viability after freezing. The 
understanding of the physiology and particularities of spermatozoa in various species could 
lead to major improvements of cell cryosurvival. All the cryopreservation procedures are 
directed to minimize sperm cells injury, maximize post-thaw recovery and consequently the 
fertility. Therefore, through managing the factors influencing cryopreservation or finding new 
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alternative compounds, cold shock damages caused by freezing-thawing could be reduced. 
FAO (Food and Agriculture Organization of the United Nations) sustain that biodiversity 
must be conserved, the genetic resources for food and agriculture, representing the biological 
basis of world food security. The commercial pressure leads to genetic diversity drastic 
decrement, many farm animal species being endangered, in a critical status or already extinct. 
Therefore, gene banks are suitable alternative of the present, for saving genetic resources, 
consequently adequate cryopreservation methods are needed for germplasm gene banking. 
 
RELEVANT FACTORS INVOLVED IN SEMEN CRYOPRESERVATION 
 
There are several factors influencing cryopreservation: cryopreservation protocol, 
cryopreservation media, cryoprotectants, semen dilution, cooling and thawing rate specific, 
etc.. But first of all, the success of semen cryopreservation relies on choosing good freezers, 
due to the existing variation between individuals. As ejaculate consists of a heterogeneous 
population of cells, the freezing–thawing process results in a sperm cell population, which 
may be more or less functionally compromised. Post-thaw sperm survival may be consistently 
poor for certain individual animals even though pre-freeze parameters appear normal. The 
mechanisms that may underlie such differences in cryosensitivity remain unclear (Curry, 
2000). The combinations of storage temperature, cooling rate, chemical composition of the 
extender, cryoprotectant concentration, seminal plasma composition and hygienic control are 
the key factors that affect the life span of spermatozoa (Barbas and Mascarenhas 2009). 
Securing isoosmotic/isotonic conditions, adequate buffering capacity, the necessary energy 
supply, the provision of a plasma-membrane protecting agent is of vital importance in 
cryopreservation (Pesch and Hoffmann, 2007). 
Even if there are many cryoprotectants and potential cryoprotective agents, glycerol 
has remained, almost without exception, the cryoprotectant of choice for spermatozoa from all 
species; the basis of the cryoprotective properties of glycerol and precisely why it should be 
more effective, remains unclear (Curry, 2000). The sensitivity of spermatozoa to the toxic 
effects of different cryoprotectants varies with species (Curry, 2000) and individuals. 
Extenders for freezing sperm cells contain buffers, carbohydrates (glucose, lactose, raffinose, 
saccharose and trehalose), salts (sodium citrate, citric acid), egg yolk and antibiotics (Barbas 
and Mascarenhas 2009). Generally an antibiotic is added to the extender (procain penicilline, 
ampicillin, gentamicin sulphate, lincomycin hydrochloride) to prevent contamination (Pesch 
and Hoffmann, 2007). 
The heterogeneity of sperm cells population of an ejaculate through its role in 
fertilization is an important factor in cryopreservation. The nature and importance of sperm 
populations are still unclear, it is apparent that there are changes in these subpopulations 
following the freeze-thaw process (Curry, 2000). The freezing process might differentially 
affect a particular population of cryosensitive cells other freeze–thaw process might affect all 
cells to such an extent that pre-existing more subtle differences are masked giving the 
appearance of a more homogeneous population (Curry, 2000). 
Some of the researchers consider that the cryogenic damages are due to irreversible 
destruction in single components of the structural organization of sperm cells. Both osmotic 
and temperature gradients cause changes in the molecular organization and function of the 
plasma membranes and the membranes of the intracellular organelles at low temperature 
influences on spermatozoa (Sabev et al., 2006). 
This level of complexity and the number of unknown factors make it extremely 
difficult to assess the potential fertility of spermatozoa effectively both within the ejaculate 
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and after freezing and thawing (Curry, 2000). Spermatozoon in many species are still a 
cryobiological enigma related its cryosensitivity and functionality. 
 
ADVANCES IN SPERM CELLS CHARACTERIZATION 
 
Beside the major microscopic parameters characterizing semen quality (motility, 
pathomorphology, sperm count) a whole array of other assays has been developed to further 
assess semen quality also of domestic animals, e.g. the HOS (hypoosmotic swelling) test, the 
hemizona assay, the swim-up technique, the test for chromatin condensation or post-thaw 
longevity (Pesch and Hoffmann, 2007). 
The evaluation of nuclear damage after freezing and thawing could be performed 
through cytogenetic investigations for chromosomal damage assessment or DNA/nuclear 
protein interactions, integrity of sperm chromatin structure (Royere et al., 1996). 
Consideration of sperm ultrastructure argues for the existence of separate and distinct regions, 
with the posterior ring acting to segregate the cytoplasmic compartments of the sperm head 
and flagellum. Basic studies of the movement patterns of sperm cells are required for high 
accuracy semen evaluation (Mortimer, 1997)  
Advanced methods are now available, enabling the quantification of sperm motility, 
such as CASA. Major improvements have been achieved in image analysis and computing; 
computer based analysis concur to improve semen evaluation through the access of recent 
technology and research advance. Several sperm analysis methods have been used along time, 
including basic microscopy, turbidimetry and nephelometry (using a Sperm Quality Analyser 
equipment), laser doppler velocimetry ((LDV), timed-exposure photomicrography (TEP), 
multiple exposure photomicrography (MEP), microcinematography (Cine), Video-
micrography and lately high accuracy microscopy methods and CASA (Mortimer, 
1997).There are powerful methods available from the kinematic analysis field, enabling the 
assessment of complex parameters that able to characterize with high precision sperm cells 
and to reveal subtle damages at sperm cell level. Detecting sperm cell alterations is essential 
in germplasm preservation or cryopreservation. Such advanced methods refer to flagellar 
movement analysis (wavelength of flagellar beat, velocity of flagella wave propagation, 
flagella beat frequency, flagella beat amplitude, curvature radius, angle of flagella bending), 
centroid movement analysis (velocity: curvilinear velocity (VCL), the straight-line velocity 
(VSL) and the average-path velocity (VAP); velocity ratios: linearity (LIN), straightness 
(STR), wobble (WOB); amplitude of lateral head displacement (ALH); beat cross frequency 
(BCF); Dance, Dancemean; Mean angular displacement (MAD); HAR (frequency of the 
fundamental harmonic); MAG (magnitude of the fundamental harmonic); PBW (power-
bandwidth of the signal), HLO and HHI (lowest and highest head oscillation harmonics), 
HMX (maximum amplitude head oscillation harmonic), HBS (basic or fundamental head 
oscillation harmonic) and HY (harmonic amplitudes) (Mortimer, 1997).  
Ultra-structural damage has been highlighted to the plasma membrane, acrosome, 
mid-piece as well as flagella of spermatozoa after freezing and thawing, and was indicated by 
membrane swelling, acrosome swelling, acrosome loss, and pulling back of the mitochondrial 
sheath (Royere et al., 1996). Flow cytometry could be applied to semen evaluation of traits 
such as cell viability, acrosomal integrity, mitochondrial function, capacitation status, 
membrane integrity. Flow cytometry is a tool that may be used in the future to monitor many 
new potential markers of sperm function (Gillan et al., 2004). Supravital fluorescent dyes 
have been used with or without cytofluorimetry in various species (Royere et al., 1996). 
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The improvement of semen quality evaluation is a tool facilitating a better 
understanding of its morphology and consequently opening new perspectives in the 
fundamental and applied research (Rusu et al., 2009). 
 
CONCLUSIONS 
 
The sperm cells damages as a result of freezing and thawing indicates that despite 
considerable progress in recent years, cryopreservation still imposes great stress on 
spermatozoa, further studies being required to improve semen cryopreservation protocols in 
various species. 
The true rational approaches defining the optimal conditions for semen freezing, 
thawing and accurate evaluation recently developed need to be continued and applied. 
The new perspective in semen cryopreservation and evaluation reviewed in this paper 
point out both the high efficiency and precision requirements of the present in the 
reproduction area. 
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